Introduction
About 20 years ago Michelson et al. (1955) proposed the suitability of dystrophic mice as experimental animals in muscular dystrophy research. The traditional concept that muscular dystrophy is a primary degenerative myopathy (Harman et al., 1963 ; Banker, 1968 ; Hudgson et al., 1967) has recently been disputed and the suggestion put forward that the disease may in fact have a neural basis (McComas et al., 1966 (McComas et al., , 1970 (McComas et al., , 1971 Panayiotopoulos et al., 1974 ; Bradley, 1973 ; Salafsky, 1971 Salafsky, , 1973 Biscoe, 1974 ; Stirling, 1975) .
Muscular dystrophy in mice is a clinically progressive disease inherited as an autosomal recessive trait, and occurring in two allelomorphic forms designated dy and dy 2 (Matheson, 1974) . The dy allele was first discovered in the 129 ReJ strain of mice (Michelson et al., 1955) and has been maintained in this strain. The dy allele is recently being transferred at the Jackson Laboratory on to the C57BL/6J inbred background. Using such mice, we have observed many groups of huge dysmyelinated nerves in the proximal area of the sciatic nerve of the dystrophic mice which were absent in the distal portion (Okada, Mizuhira and Nakamura, 1975).
The present study was performed to examine the histological changes in the four limb muscles of the dystrophic mice and to verify the relationship between them and the neuronal changes.
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Materials and Methods
All mice used in these experiments were originally derived from the Jackson Laboratory and obtained from the Central Institute for Experimental Animals in Tokyo. Eight C57BL/6J-dydy dystrophic mice and six C57BL/6J-+ +, or C57B146J-dy+ control mice varying in age from 3 to 16 week old were used. These animals will be referred to as dystrophic mice and control mice, respectively, throughout the rest of this study. Animals which were anesthetized with ether, were perfused from the left ventricle with 2.5% glutaraldehydein in 0.1 M phosphate buffer at pH 7.2. Then they were embalmed in buffered redistilled formalin fixative at pH 7.2. Each block, such as, upper arms, forearms, thighs and lower legs, respectively, was decalcified in 10 to 30 days. After decalcification, tissues were dehydrated at room temperature in a graded series of GMA monomer mixtures (glycol methacrylate 95% WV, polyethylene glycol 5% WV, 2, 2-azobis-isobutyronitrile 0.2% W/V) of Ashford et al. (1972) . Twelve hours were allowed for each step. Specimens in pure GMA mixtures were polymerized in the oven at 60°C for 2 hr. The Ashford's method was slightly modified by tightly covering the surfaces of the embedding mixture with wax paper to allow complete polymerization which is inhibited by atmospheric oxygen. Cross sections of 0.5-1 pm in thickness for light microscopy were cut with Sorvall Porter-Blum ultamicrotome (type II) using glass knives and the sections were lifted out from the water bath on a glass slide. They were stained with hematoxylin-eosin (HE), Masson's trichrome method, basic fuchsin-methylene blue stain of Bennett's method, and toluidine blue. Dystropic changes were classified histologically into the following 5 grades : the white area means healthy, the dotted portions mean questionable, the shaded portions mean slight changes, i. e. less than 1/3 of the fibers affected, the cross-striped areas are moderate changes, i. e. from 1/3 to 2/3 of the fibers affected, the black colors mean severe changes, i. e. grouped changes extending more than 2/3 of the fasciculi of each muscle. As the degree of histological changes was not always uniform within one and the same muscle, the above-mentioned criterias were applied separately to each part of the muscle (Figs. 10 & 11) . Anatomical schema was designed with reference to the musculature of human and rat anatomy ; though there is a great difference between the musculature of murine and that of human beings. A schematic illustration of representative cases is given to indicate the pattern of distribution of muscular involvements. They show the upper face of the cross section on the left four limbs. (Fig. 7) .
Results
Dystrophic changes in each observed muscle included various sized fasciculi, mostly with centrally located nuclei, eosinophilia of some muscle fibers (indicative of degeneration) or basophilia in others (indicative of regeneration), presence of satellite cells and an increased amount of connective tissue ( Fig. 2 in Plate I). Some fasciculi which appeared normal, were scattered in these lesions. These findings were observed to become grouped in each muscle, especially at early ages ( Fig. 4 in Plate II). Distribution of these changes suggested that they were neurogenic in origin. Dystrophic changes of variable severity had a tendency to increase in older dystrophic mice in each muscle. Dystrophic syndromes in the hind limbs which seemed to be clinically much more severe than in the fore limbs were not comparable to the pathological changes. The extent of muscular involvement in a specimen was demonstrated (Figs. 8 & 9) ; the upper and lower arm of the r ig. iu. Figs. 10 and 11. Histological changes are classified into the following 5 grades : LT:7-1 no examining, FT healthy, questionable, 1\\\J slight changes, is :-; moderate changes, 1.1 severe changes. The names of muscles are shown on the vertical scale and the ages of Dy mice are indicated horizontally. Even in the advanced cases the severity of effect on individual muscle was not uniform, but was inclined to have variation in the same muscular involvement. Dystrophic changes of variable severity had a tendency to increase in older Dy mice in each muscle.
i. e. adductor group muscles within the thighs and tibialis anterior and posterior, extensor digitorum longus , flexor digitorum, soleus and gastrocnemius within the lower legs, were affected from early ages and were more severe as they grew older . These muscles were susceptible to illness from similar portions in each muscle which was demonstrated (Figs. 10 & 11) . It is likely that there are histological differences between the functional muscle groups , in each of the extensor, the flexor, the adductor and the abductor muscle groups . On the whole, extensor group muscles are more severely affected than flexor groups ones, especially in the upper arm and the thigh . There 
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E. Okada, V. Mizuhira and H. Nakamura seem to be no histological changes between the red and the white muscle. That is, after 3-weeks-old, both the soleus and gastrocnemius were affected with the same severity.
The peripheral nerves which were observed inter-muscles had pale areas indicative of the unmyelinated fibers even in the older cases. The intrafusal muscles appeared to be well preserved in the degenerative fasciculi.
Discussion
Pathogenesis of muscular dystrophy has recently become an important problem which is being disputed by advocates who have proposed a neural basis. McComas et al. (1965, 1970, 1971 ) suggested it on electrophysiological standpoints. Panayiotopoulus (1974) is of the same opinion, also from an electrophysiological point of view. Bradley (1973) first reported on electron microscopic standpoints that large groups of the unmyelinated nerves were located in the peripheral nerves of the Bar Harbor 129 strain of dystrophic mice, but he discussed that myelination was somehow blocked at the foetal stages in the upper part of these nerve fibers in dystrophic animals.
Therefore, it seemed more likely that these dysmyelinations were simply coexistent abnormalities, and not the cause, nor even the result of the underlying muscle disease. Biscoe et al. (1974) and Stirling (1975) reported similar changes in the cranial nerves and the spinal nerves of 129 ReJ and C57BL dystrophic mice. Stirling suggested that the nerve lesions develop where the nerves are lengthening rapidly as the animal grows and changes its shape. They called these nerve lesions amyelination. We reported (Okada et al., 1975 ) that many groups of huge unmyelinated axons observed in the proximal area of the sciatic nerves of dystrophic mice which were absent in the distal portion.
In the discussion, we suggested that the huge axons with these dysmyelination might become myelinated nerves.
With the younger age, distribution of the histological changes upon observation showed that changes were inclined to be grouped on each muscle. These findings, which showed a branching appearance of the peripheral nerve roots, tended to be localized in the center of the limb, but sometimes occupied one muscle fringe and the neighboring muscle.
It seems likely that histological changes were under the control of the nerves.
With the older age, distribution of the muscular lesion tended to become diffuse within the same muscle. Normal sized fasciculi which seemed likely to be in those changes are scattered in the connective tissue containing eosinophilic and basophilic fasciculi and centrally located nuclei. There were no observed fasciculi with a central core in trichrom Masson's staining (Shy and Magee, 1956) with annural fibers and sarcoplasmic mass which are often seen in myotonic dystrophy, with groups of simple atrophy in diseases of neurogenic atrophy, and with deposition of glycogen which was observed in some kind of metabolic disease like McArdle disease. These lesions were usually observed in the deltoideus, triceps brachii, vastus lateralis and intermedius, soleus and gastrocnemius, from the earliest days, but these lesions were not always in the same muscles in the same form. They appeared from the proximal portion of the muscles to the distal area, but it is likely that they were more severe in the proximal muscles than in the distal ones. This situation is similar to human muscular dystrophy, but it is not so clear a lesion as in human beings.
It is suggested that muscular dystrophy of the chick (Cosmos et al., 1969 ; Shafiq, 1971 ) that occurs at first in the pectoral type II fibers, might be related to the effect of genetic factors and developing musculature.
It would thus appear that embryologically all muscles consist initially of fiber type only and that this corresponds to the type I fiber or the fiber type of " red " muscle.
The red muscles show no histochemical changes during maturation, but all the other muscles subsequently differentiate into type I, type II and intermediate fibers. There are no pure " white " muscles, i. e. composed of histochemical type II fibers only, in the rat, cat or rabbit.
In the mature chicken, the breast muscle consists almost entirely of type II fibers. In this observation, soleus, gastrocnemius, flexor digitorum longus and flexor hallucis longus had already suffered from the dystrophic changes at 3 weeks of age in dystrophic mice, and severity of the disease showed no difference between fiber types.
It is suggested that although we did not observe dystrophic mice from a very early age, muscular dystrophy of dystrophic mice might not be related to fiber type.
It has been known for many years that at birth all mammalian skeletal muscle tends to be slow and that differentiation into fast and slow muscles develops in the first few weeks of life (Benn, 1922 ; Denny-Brown, 1929 ; Koschtojanz and Rajbinowskaja, 1935) . With the kitten, the fast muscle gradually becomes faster until the adult speed is reached at about 4 weeks of age, however, the slow muscle may initially show a slight increase in speed but returns to reach the slow adult speed by about 20 weeks (Buller et al., 1960) . Buller et al. (1965) also demonstrated that transection of the spinal cord and section of all afferent nerves during the first week had virtually no effect on the development of the contractile properties of fast muscle, but prevented the slow muscle from retaining its slow speed, and instead it became almost as fast as normal fast muscle. They concluded that the differentiation of slow muscle was under a nervous influence from the spinal cord, which might possibly by chemical in nature.
Therefore, it is likely that muscular distribution of the pathologic changes in dystrophic mice might be related to the groups of huge unmyelinated axons in the proximal portion of the peripheral nerves of dystrophic mice. In the advanced cases muscular involvement was not uniform, but there tended to be variation in the same muscular involvement.
Muscle involvement was more severe in older dystrophic mice than in younger ones. It is likely that there tends to be more severe in the extensor and adductor muscles than in the flexor group muscles.
It is also likely that there are no histological differences between the red and the white muscle, because both fasciculi, such as the soleus and gastrocnemius are already affected in 3-week-old dystrophic mice. HE stain. x 300.
